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ABSTRACT 

Our recent study has 9hown that a calcitonin (CT)-like immunore- 
active substance(s) is secreted by cultured prostate cells, and secretion 
of this material is significantly higher in malignant than in benign 
prostate cells. To test the hypothesis that prostatic CT may serve as a 
paracrine/neuroendocrine factor, the present study investigated for the 
presence of CT receptors in the prostate gland. Signal transduction 
mechanisms activated by CT were examined, and the study also tested 
its effects on prostate cell proliferation, as assessed by [ 3 H] thymidine 
incorporation. The results show that high affinity binding sites for 
[ 12S I] salmon CT were present in plasma membrane fractions of human 
prostate tissue specimens and the prostate cancer LnCaP cell line. The 
maximal binding for CT receptors was 564 ± 163 fmol/mg protein, and 
the apparent dissociation constant (Kd) was 2.89 ± 0.58 nM. CT induced 
a dose-dependent increase in cAMP generation in LnCaP cells. The 



effect of CT on cytoplasmic Ca 2+ transients of LnCaP cells was exam- 
ined by videofluoromicroscopy. CT (100 nM) induced a rapid and ahaip 
increase in cytoplasmic Ca 2+ concentrations in LnCaP cells. The CT- 
induced increase in cytoplasmic Ca 2+ transients appeared to be bipha** 
(spike and plateau), and this increase was 4- to 10-fold during the 
initial phase. The profile of this response is characteristic of the 
activated Ca 2+ /phospholipid second messenger system. CT also caond 
a dose-dependent increase in [ 3 H]thymidine incorporation by LaCtp 
cells. These results suggest that a locally secreted CT-like peptufefc) 
induces mitogenic responses in prostate cancer cells. This action seen* 
to be mediated through activation of signaling mechanisms, leading to 
the accumulation of two different second messengers, cAMP and cal- 
cium. Activation of dual second messenger systems by CT reoeptoo 
suggests that the peptide hormone may play an important role in 
rapidly growing cell populations during the process of tumor formation. 
(Endocrinology 134: 596-602, 1994) 



THE HUMAN prostate gland contains a significant pop- 
ulation of neuroendocrine cells, and these cells secrete 
neuropeptides, such as bombesin, serotonin, and TSH-like, 
PTH-like, and calcitonin (CT)-like peptides (1-3). As many 
of these peptides also act as mitogens in peripheral organs, 
it is conceivable that they may participate in the differentia- 
tion and growth of the prostate gland in concert with andro- 
gens (4-6). Accumulating evidence suggests that the relative 
population of neuroendocrine cells, specifically that of CT- 
immunopositive cells, seems to markedly increase in prostatic 
adenocarcinoma (6, 7). Recent findings from this laboratory 
have shown that an immunoreactive salmon (s) CT-like 
product(s) is secreted by cultured human prostate cells, and 
relative secretion of this material is significantly higher in 
cancer than benign cells (2). These results raise the possibility 
that an elevated expression of CT-like products, such as a 
sCT-like peptide(s) in the prostate gland may be associated 
with increased growth and/or tumor development. 

Elevated secretion of a CT-like ectopic peptide(s) has been 
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reported in several human rumors, such as breast, renal, 
lung, and gastric carcinoma, and their specific binding sites 
have also been identified in these organs (7-15). The present 
studies investigated for the presence of high affinity CT- 
binding sites in tissue specimens obtained from patients 
undergoing prostate surgeries. Membranes prepared from 
prostate cancer LnCaP cells were also tested for the presence 
of CT receptors, because these cells have been used as an in 
vitro model to study the control of prostate cell proliferation 
by androgens and growth factors (16). This cell line has been 
derived from a lymph node of a subject with metastatic 
carcinoma of the prostate, and like the prostate gland, these 
cells are extremely sensitive to androgens. Deprivation of 
androgens drastically reduces the proliferative as well as 
secretory activity of LnCaP cells, and proliferative activity 
and DNA synthesis can be induced by the addition of 
testosterone and/or epidermal growth factor in the culture 
medium (17). LnCaP cells secrete markers of prostatic secre- 
tions, such as prostate-specific antigen and prostate acid 
phosphatase; however, the secretion of a CT-like produces) 
or other neuroendocrine substances by these cells has not 
been reported (16). 

Recent evidence has shown that an ectopically produced 
CT(s) may serve as a paracrine growth factor/growth regu- 
lator in gastric and renal carcinomas, as the peptide hormone 
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odulates the proliferation of these cells by activating dif- 
nt signaling mechanisms (12, 13). To test whether pros- 
tic CT may have a similar autocrine/paracrine role in 
state function, the present study investigated the effects 
CT on DNA synthesis in cultured LnCaP cells. Prolifera- 
ye actions of CT were compared with those of other known 
'togens and pharmacological agents, such as dihydrotes- 
terone (DHT), insulin, phorbol myristic acid (PMA), and 
) 2 cAMP (dbcAMP). Additional studies investigated the 
Iffects of CT on cAMP accumulation and cytoplasmic Ca 2+ 
sients in cultured LnCaP cells. 



Materials and Methods 

eptides and chemicals 

Synthetic CT peptides (salmon and human) were obtained from 
sula Laboratories (Thousand Oaks, CA). Aprotinin and leupeptin 
purchased from Boehringer Mannheim (Indianapolis, IN). Carrier- 
sodium [ m I]iodide was obtained from Radiochemical Center, Amer- 
i (Aylesbury, Buckinghamshire, United Kingdom). Porcine insulin 
kindly provided by Nova Laboratories of Novo Nordisk Pharma- 
col, inc. (Princeton, NJ). Reagents for tissue culture, media, and 
such as Dulbecco's Modified Eagle's Medium (DMEM), RPMI- 
, and bovine and fetal calf sera, were obtained from Gibco-BRL 
Island, NY). dbcAMP, PMA, DHT, and all other chemicals, 
otherwise stated, were obtained from Sigma Chemical Co. (St. 
,MO). 



culture 

L uman metastatic prostate adenocarcinoma cell line (LnCaP; Amer- 
tType Culture Collection, CRL 1740) was obtained from American 
t Cultures Collection (Baltimore, MD), and the cells were propa- 
in a culture medium (consisting of RPMI-1640 supplemented with 
tamine, 5% fetal calf serum, 15% newborn calf serum, 10 mM 
% 50 U/ml penicillin, and 50 Mg/ml streptomycin) at 37 C in a 
"ified atmosphere containing 95% air and 5% C0 2 (2). Cell cultures 
near confluence were used in all experiments unless otherwise 



BsCT receptor binding assay 

Human prostatic tissue specimens were obtained from biopsies 
» performed at the University of Kansas Medical Center. The 
^this patient population ranged from 48-71 yr (mean age, 63 yr). 
mate informed consent was obtained in all cases. 

'Hon of membranes. Human prostate tissue specimens or confluent 
of LnCaP cells were processed to obtain the membrane fractions, 
"bed by Kadar et al (18). In brief, tissue specimens or LnCaP 
Were washed with PBS and homogenized individually in 10 vol 
Eiizaon buffer (25 mM Tris-HCl, pH 7.5, containing 0.3 m sucrose, 
EDTA, 5 Mg/ml aprotinin, 5 Mg/ml leupeptin, and 50 Mg/ml 
). The homogenates were centrifuged at 1,000 rpm for 10 min 
and the supematants were centrifuged again at 35,000 x g for 
at 4 C to obtain the membrane fractions. The membrane pellets 
spended in the suspension buffer (25 mM Tris-HCl, pH 7.4; 5 
3i; 5 Mg/ml aprotinin; 5 Mg/ml leupeptin; 50 Mg/ml bacitracin; 
i?5 mM phenylmethylsulfonylfluoride) and recentrifuged at 35,000 
an additional 60 min at 4 C The final pellet was resuspended in 
sion buffer, and its protein content was determined by the 
lie acid method (19). The plasma membrane suspensions 
Shen aliquoted and stored frozen at -80 C. 

~r binding. Synthetic sCT was iodinated to a high specific 
Jising 1 mCi Na 125 I and 1 Mg chloramine-T. The reaction was 
to proceed for 10 sec and was stopped by the addition of 10 m1 
bisulfite (1 mg/ml). Typically, the specific activity of the 



resulting [ 125 I]sCT varied from 200-300 Ci/mmol. The radiolabeled 
peptide was purified by gel permeation chromatography on a Sephadex 
G-25 (fine) column (1 X 50 cm) at 4 C. Ammonium acetate (0.2 m; pH 
4.7; containing 0.25% BSA) was used as an eluent Purified [ I25 I]sCT 
fraction was mixed with acetone (20%, by vol) and acetic acid (1%, by 
vol), and stored in small aliquots at —80 C. 

The prostate plasma membranes (30-40 Mg protein), ['"IJsCT, and 
various concentrations of cold ligands [sCT or human (h) CT] were 
diluted in the assay buffer (25 mM Tris-HCl, pH 7.4; 5 mM MgCh; 0.1% 
BSA; 5 Mg/ml aprotinin; 5 Mg/ml leupeptin; 50 Mg/ml bacitracin; and 
0.25 mM phenylmethylsulfonylfluoride) and incubated in a final volume 
of 0.25 ml at 0 C (on ice) for 2 h. At the end of the incubation, the 
reaction mixture was carefully layered on 1 ml wash buffer (10 mM Tris- 
HCl pH 7.4; 100 mM choline chloride; and 0.1% BSA) in separate 1.5- 
ml tubes and centrifuged at 13,000 x g for 30 min. The supernatant was 
carefully aspirated, the tube bottoms were cut, and the radioactivity in 
sedimented pellets was measured in a Beckman Autogamma Counter 
(Palo Alto, CA). The incubation mixture in a saturation assay contained 
30-40 Mg membrane protein/tube and increasing amounts of [ 12S I]sCT 
(50-1,000 fmol) in the absence and presence of 1 mm unlabeled sCT. In 
a competition assay, the membranes (30-40 Mg protein) were incubated 
with [^IJsCT (100-120 fmol) and increasing concentrations of unlabeled 
sCT or hCT (0-200 nM). Each treatment was repeated three or more 
times. 

The binding data obtained from the assays were analyzed with the 
Ligand-PC computer program (20), and the binding constants of [ 12S I] 
sCT-binding sites were determined. The results are presented as the 
mean ± sem apparent dissociation constant (JQ) and maximal binding 
(B™) 



cAMP measurements 

For measurement of cAMP accumulation, LnCaP cells were cultured 
to subconfluence in polylysine-coated six-well culture plates. The at- 
tached cells were washed and preincubated for 2 h in a serum-free basal 
medium (serum- and bicarbonate-free RPMI-1640 medium containing 
10 mM HEPES, pH 7.4; 0.3% BSA; 280 Mg/ml bacitracin; and 10 Mg/ml 
gentamicin), washed, and treated with increasing concentrations of sCT 
(0-1 pM to 1 mm) in the presence of 10 mm 3-isoburyl-l-methylxanthine 
for 10 min at 37 C. Each treatment was performed in triplicate. At the 
end of the incubation, medium was replaced with 1 ml sodium actate 
buffer (pH 4.8), and the cells were frozen at -80 C, thawed, scraped, 
and transferred to a 1.5-ml tube. The cell lysates were frozen again, 
thawed, and centrifuged at 4 C to remove insoluble materials, and the 
supematants were stored frozen until their cAMP contents were ana- 
lyzed by R1A. The cAMP RIA used [ 125 I]2 ' -O-monosuccinyl-cAMP ty- 
rosyl methyl ester as a tracer, and anti-cAMP rabbit serum was pur- 
chased from Biomedical Technologies (Boston, MA). The lower limit of 
detection for the assay was 0.08 pmol/ml, and the intraassay coefficient 
of variation among controls was less than 6%. Each sample was analyzed 
in duplicate, and all samples from each experiment were analyzed in a 
single assay to avoid interassay variations. 

The average basal cAMP concentration was 350 fmol/well. Data are 
expressed as mean f emtomoles of cAMP accumulated ± sem. The results 
were statistically evaluated by one-way analysis of variance, and the 
level of significance was derived from Duncan's multiple range test. 

Measurements of cytoplasmic Ca 2+ transients 

LnCaP cells were grown to subconfluence on coverslips (size, 1 in.), 
as described in Cell culture above. When ready, the cells were washed 
with serum-free DMEM and loaded with the fluorescent dye indo-lAM 
ester (5 mm; Molecular Probes, Eugene, OR) in the presence of the 
detergent Pluronic F127 (0.34 Mg/ml; Molecular Probes) in a serum-free 
DMEM for 1 h at 37 C. The cells were rinsed with serum-free DMEM 
and then maintained in DMEM containing 15% bovine calf serum and 
5% fetal calf serum for 1 h at 37 C before the experiment. 

Simultaneous fluorescence measurements from 3-4 individual cells 
were made using 4-channel videofluorescence microscopy (21). Cover- 
slips carrying the cells were placed in 1 ml Ringer's solution (145 mM 
NaCl, 2.5 mM K 2 HP0 4 , 10 mM HEPES, 1 mM CaClj, 1 mM MgSO«, 10 
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mM glucose, and 0.3% BSA, pH 7.4) in a thermostatted microscope stage 
perfusion chamber which was maintained at 37 C. The cells were excited 
by a Nikon Xenon lamp on the stage of Nikon Diaphot microscope. The 
emitted fluorescent images at 405 and 475 run were recorded on inten- 
sified CCD cameras (KS-1381 Videoscope, Wasington DC) after splitting 
the signal with dichroic mirrors (445 and 510 nm). The images were 
typically acquired for 10 min and recorded onto a 400-line resolution 
video recorder with the time code generator/reader (VO 9600 U-Matic, 
SONY, Inc., Teaneck, NJ) for additional off-line analysis. Usually, data 
from 12-18 individual cells were collected during each experiment. 

The ratios of fluorescence at 405 and 475 nm were calculated as a 
function of time using computer software (Micromeasure IM-4000, 
Belvoir Consulting, Long Beach, CA), and intracellular Ca 2+ concentra- 
tions ([Ca 2+ J) was determined as described previously (21). The results 
were plotted as nanomoles of [Ca 2+ Ji as a function of time. 

PHJ Thymidine incorporation assay 

Cultured LnCaP cells in log phase were used to seed polylysine- 
coated 24- well culture plates at a density of 3 x 10 4 cells/well (Falcon 
Plastics, Oxnard, CA) and cultured overnight (16-20 h) in 1 ml culture 
medium (as described in Cell culture above). The proliferation rate of 
the cultured cells was slowed by incubations, first in a low serum 
medium (RPMI-1640 containing 3% fetal calf serum) for 16 h, then in 
serum-free basal medium (RPMI-1640 containing 0.3% BSA, 10 dim 
HEPES, 280 Mg/ml bacitracin, and antibiotics) for 2 h. At this point, the 
medium was replaced with fresh serum-free basal medium containing 
various concentrations of CT (0-1000 nM), DHT (10 pM), insulin (10 nM), 
PMA (1 nM), and dbcAMP (0.2 hm) for 24 h. The cells also received [ 3 H] 
thymidine (1 ^Ci/well) 4 h before termination of the assay. At the end 
of the incubation, the cells were washed twice with ice-cold PBS (con- 
taining 100 a*m unlabeled thymidine) and solubilized in Triton X-100 
(0.1%, vol/vol; in distilled water). The samples were added to a liquid 
scintillant (Fisher Scientific, Pittsburgh, PA), and the incorporated [ 3 H] 
thymidine was quantified in a Beckman liquid scintillation counter (Palo 
Alto, CA). 

The results are expressed as mean counts per min of [ 3 H]thymidine 
incorporated ± sem. Data were analyzed by one-way analysis of variance 
or Student's f test, and the levels of significance were derived from 
Duncan's multiple range test or a two-tailed table, respectively. 



Results 

Binding of P^IJsCT to prostate plasma membranes 

The specific binding of [ 125 I]sCT to prostate membranes 
(total binding - nonspecific binding) was saturable and linear 
with protein concentrations of 5-30 protein/tube (data 
not shown). 

sCT-binding sites of prostate membranes and LnCaP cells 
were characterized in saturation and competition assays. The 
data from saturation assays suggest that the binding of [ 125 I] 
sCT to prostate membranes was saturable (Fig. 1A). Scat- 
chard analysis of the binding data from saturation assays 
yielded linear curves, suggesting a single class of binding 
sites (Fig. IB). However, the presence of additional classes 
of binding sites could not be excluded. The was 564 ± 
163 fmol/mg protein, and the apparent Kd was 2.89 ± 0.58 
nM (n = 8). Prostate membranes from seven individual tissue 
specimens (four benign prostatic neoplasia, three carcinoma, 
and LnCaP cells) were analyzed, and the results are pre- 
sented in Table 1. No significant differences in binding 
constants between the benign prostatic neoplasia and cancer 
specimens were observed. The ability of unlabeled sCT and 
hCT peptides to displace [ 125 I]sCT binding was tested in 
competition assays. As has been reported for CT receptors in 



other tissues, the present results demonstrate that hCT w 
much less effective in displacing [ l25 I]sCT than sCT (Fur 5? 
The concentration of sCT required for half-maximal inhibit 
tion of [ 125 I]sCT binding was 0.94 nM. At the highest tester! 
concentration of 200 nM, hCT could reduce [ l25 I]sCT bincW 
by only 20%. ^ 

Effect of CT on cAMP accumulation 

The effect of CT on cAMP generation was tested at in- 
creasing concentrations from 1 pM to 1 /im. The peptide 
hormone caused a dose-related increase in cAMP generation 
in cultured LnCaP cells up to a concentration of 1 nM. Further 
increases in CT concentrations did not produce any addi- 
tional appreciable increase in cAMP concentrations. CT (1 
nM) caused a 320% increase in cAMP concentrations. The 
median effective concentration (EC 50 ) of CT for stimulation 
of cAMP generation was 0.03 nM (Fig. 3). Isoproterenol was 
used as a reference agonist, and at 1 um, it caused a 60-fold 
increase in cAMP concentrations (data not shown). 

Effect of CT on cytoplasmic Ca 2+ transients 

A typical response of LnCaP cells to 100 rtM CT and 
ionomycin is depicted in Fig. 4. The responding cells dis- 
played a transient, rapid, spike and plateau increase in their 
[Ca 2+ ]i. Typically, a 4- to 10-fold increase in [Ca 2+, j was 
observed within 10 sec of the stimulus. This was followed 
by a gradual decline to a nadir over a period of 130 sec. At 
this point, a secondary, but much smaller, increase in 
[Ca 2+ ]i was observed. This profile is similar to that of the 
previously reported phospholipase-C-induced increases in 
cytoplasmic Ca 2+ levels (22). The cells that responded to CT 
were subjected to a second stimulation with 500 rtM iono^ 
mycin, and as expected, they responded by showing an even 
larger (30- to 50-fold) increase in their cytoplasmic Ca 2+ 
concentrations. CT, when tested at 1 nM, did not cause any 
appreciable increase in [Ca 2+ ]j (data not shown). 

The permeabilization of cells during the dye-loading proc- 
ess seems to have affected the viability and/or responsive- 
ness of a significant LnCaP cell population. Typically, only 
6-40% of the total cells responded to agonists such as CT, 
ionomycin, or carbachol. Thus, the results depicted in Fig. 4 
are representative of the responding cell population. 

Effect of CT on PHJ thymidine incorporation 

Results from at least six independent experiments suggest 
that CT induced a significant and dose-dependent increase 
in [ 3 H]thymidine uptake by LnCaP cells. Figure 5 presents a 
typical dose response of [ 3 H]thymidine uptake to CT. The 
CT-induced increase in [ 3 H]thymidine incorporation was sta- 
tistically significant at concentrations of 10 and 100 nM, and 
a maximal increase of 65% was observed at 100 nM. The 
effect of CT on DNA synthesis may have peaked at this 
concentration, as a higher CT concentration (1 /im) attenuated 
this increase. Figure 6 depicts the effects of various mitogens 
on DNA synthesis in LnCaP cells. The cells were incubated 
with the agents for 24 h. Both DHT (10 pM) and CT (100 nM) 
produced a significant increase of approximately 60-70% in - 
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. 1. Saturation analysis of [ 125 I]sCT 
g to prostate membranes. A, Pros- 
membranes (30-40 fig protein/tube) 
incubated with increasing concen- 
*ons of [ 125 I]sCT in the absence (to- 
► or presence (nsb) of 1 unlabeled 
for 2 h at 0 C. Bound and free 
"oactivities were separated as de- 
! in Materials and Methods. Data 
i represent specific binding (total - 
). B, Scatchard analysis of specific 
data from A. 



LE 1. CT receptor characteristics 



Membranes 
from 



Kd(nM) 



BPH 
CaP 
LnCaP 



1.21 ± 0.40° 
3.13 ± 1.16 
3.89 



408 ± 93° 
730 ± 194 
229 



ean ± sem. 





Bus No. of 

(fmol/mg protein) determinations 



CT InM) 

Specificity of CT binding to prostate membranes. Prostate 
nes were incubated with approximately 100 fM [ 126 I]sCT with 
E concentrations of unlabeled sCT and hCT. Bound radioac- 
i estimated as described in Materials and Methods. 

nymidine incorporation. dbcAMP (0.2 /im) caused an 
aximately 50% increase in [ 3 H] thymidine uptake, and 1 
?MA induced an almost 2-fold increase over the un- 
^ control value. Insulin (100 nM) did not affect DNA 
Sfesis in LnCaP cells. 



Discussion 

t evidence has shown that CT-like neuroendocrine 
such as immunoreactive sCT-like peptide and CT 



CT (log M) 

Fig. 3. Effect of CT on cAMP accumulation in LnCaP cells. Increasing 
concentrations of sCT were used to stimulate cultured LnCaP cells as 
described in Materials and Methods. Each point was measured in 
triplicate, and the results are presented as the mean cAMP (femtomoles 
per well) ± SEM {error bars) for each treatment. The cells were 
incubated with sCT for 10 min at 37 C in the presence of 10 nM 3- 
isobutyl-l-methylxanthine, then lysed, and the supernatants were as- 
sayed in duplicate with cAMP RLA. The data are expressed as mean 
femtomoles of cAMP produced per well ± SEM. CT induced a dose- 
dependent increase in cAMP generation, and the increase was statis- 
tically significant at concentrations of 1 nM and higher. *, P < 0.01 (by 
one-way analysis of variance and Duncan's multiple range test). 

gene-related peptide, may originate within the prostate gland 
(1, 2, 23). However, the role of these peptide(s) in prostate 
physiology has not been identified. The present results dem- 
onstrate the presence of CT-binding sites in the plasma 
membrane fraction of human prostate tissue specimens and 
prostate cancer LnCaP cells. The binding of [ 125 I]sCT to 
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Fig. 4. Effect of CT on [Ca 2+ ]i in LnCaP cells. LnCaP cells were 
cultured on coverslips, and their [Ca 2+ ]j values were measured by four- 
channel videofluoromicroscopy as described in Materials and Methods. 
Representative trace for a responding cell is shown. The first vertical 
line indicates the time of 100 nM sCT addition (60 sec); a second vertical 
line indicates the time of 500 nM ionomycin addition (270 sec). The 
scale of the spectrum was changed at 285 sec, because the addition of 
ionomycin caused a very large increase in [Ca 2+ ]i (out of range). This 
experiment was repeated three times with different cultures of LnCaP 
and primary prostate cells, and similar responses were obtained. At 
each time, 4-40% of the cells responded to the agonists. 

prostatic plasma membranes produced linear Scatchard plots. 
The mean apparent dissociation constant (Kd) of these recep- 
tors was less than 3 nM, similar to the reported Kd values for 
high affinity CT receptors in other tissues, such as osteoclasts; 
lymphocytes; kidney, brain, and liver cells; and several hu- 
man carcinoma cell lines (9, 11, 23-29). The present results 
did not identify any significant differences in binding char- 
acteristics of CT receptors of benign and malignant prostates. 
As the number of samples examined in the present study 
was small, an expanded study will be necessary to further 
evaluate this question. Like CT receptors in these organs, 
prostate CT receptors also exhibited a higher affinity for 
salmon CT molecule than the hCT peptide. These results 
may suggest that a population of prostate CT-binding sites 
may not identify hCT molecules and may be specific for 
sCT-like endogenous ligand. The presence of such sCT re- 
ceptors that are distinct from hCT and CT gene-related 
peptide-binding sites has been reported in rat brain (30), and 
genes for these receptors have recently been cloned in rat 
brain and skeletal muscles (31). It is conceivable that human 
neuroendocrine tissues may have similar distinct sCT recep- 
tors. These results, when considered with our previous find- 
ing that an immunoreactive sCT-like product(s) is secreted 
by cultured primary prostate cells, raise the possibility that 
prostate-derived CT(s) may serve as a paracrine/autocrine 
factor in the prostate gland. 

The presence of CT receptors in LnCaP cells suggest that 
these cells may serve as model target cells to examine possible 
roles for CT(s) in prostatic carcinoma. Most cellular actions 
of CT are associated with activation of adenylate cyclase, as 
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Fig. 5. Effect of CT on DNA synthesis: dose- response curve. ProKf- [ 
eration of LnCaP cells was examined as assessed by [ 3 H] thymidine | 
incorporation after stimulation with sCT (-10 to -6 M). The cells were 
cultured in low serum (3% fetal calf serum-RPMI-1640) for 24 h and 
serum starved for 2 h before the stimulation. The cells were stimulated 
with the peptide hormone for 24 h and received 1 ^Ci [ 3 H]thymidine 
during the last 4 h of stimulation. The cells were lysed, and the j 
radioactivity was determined. The data are representative of at least f 
six separate experiments and are expressed as counts per min/1000 I 
million cells (mean ± SEM of sextuplicates; lower panel) and as the 
percent increase (means from the lower panel) with respect to the 
control value. sCT significantly increased DNA synthesis in LnCaP 
cells at concentrations of 10 and 100 nM. hCT also gave a similar, but 
smaller, response. *, P < 0.01 (by one-way analysis of variance and " 
Duncan's multiple range test). 

reported in osteoclasts, renal cells, and a majority of human 
carcinoma cell lines (11-13, 26-29). However, CT has also 
been shown to act independent of cAMP-mediated mecha- 
nisms. For example, CT elevates cytosolic Ca 2+ in rabbit renal 
tubules and rat osteoclasts (32, 33). In isolated rat osteockts 
and the kidney cell line LLC-PK1, CT activates either aden- 
ylate cyclase or protein kinase-C in a cell cycle-dependent 
manner (13, 32). A recent study has demonstrated that the 
recombinant CT receptor independently stimulates cAMP- 
and Ca 2+ /inositol phosphate-signaling pathways (22). The 
present results have shown that CT increases both cAMP i 
generation and cytosolic Ca 2+ concentrations in cultured fe 
LnCaP cells. The stimulatory effect of CT on cAMP genera- j 
tion was dose related. The median effective concentration of 
CT (EC 5 o) for this action was 0.03 nM, which is much lower 
than the apparent Kd of 2.89 nM. Thus, the EC 5 o may reflect 
a small fraction of CT receptors that may have been coupled 
to a GTP binding stimulatory (G 9 ) proteins. A subpopulation 
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control CT DHT Insulin db cAMP PMA 

|lG. 6. The effects of various mitogens on DNA synthesis in LnCaP 
. * s. Effects of sCT (100 nM), DHT (10 pM), insulin (1 mm), dbcAMP 
2{>.2 fiM), and PMA (1 nM) on [ 3 H]thymidine incorporation were 
led. The data are expressed as mean counts per min (xlOOO)/ 
lion cells ± SEM of quadruplicates. CT, DHT, dbcAMP, and PMA 
1 a significant increase in [ 3 H]thymidine incorporation in LnCaP 
. *,P<0.01 (by t test). 

iCaP cells responded to CT with a biphasic, spike and 
Iteau, increase in cytosolic Ca 2+ . However, this stimulus 
^observed at a higher CT concentration (100 nM). These 
Its raise the possibility of two separate populations of 
preceptors that may be coupled to Ca 2 Vphospholipid and 
lylate cyclase second messenger systems, and each of 
( receptor populations may be activated by a certain con- 
Stration range of CT. Alternatively, certain concentration 
ges of CT may modulate coupling of its receptors to the 
^gnaling mechanisms. This is not surprising, as CT has been 
^hown to generate different intracellular responses even in 
fte same cells when used either at different concentrations 

or under different physiological conditions (13, 35). 
|The functional significance of CT receptors in prostate 
ctbranes is not known, but their presence in the prostate 
and suggests that this organ may respond to CTs that have 
Isther been produced within the prostate gland or aquired 
the circulation. It is also likely that components of 
static and systemic CTs that activate these receptors may 
with clinical or physiological conditions. Whatever the 
JSjjgin of CT, the present results have shown that the peptide 
aone induces a dose-dependent increase in [ 3 H]thymi- 
incorporation in LnCaP cells. However, a significant 
ease in DNA synthesis was observed only at concentra- 
of CT higher than the apparent Kd (10 and 100 nM). 
dbcAMP and phorbol ester also induced a significant 
Sold increase in DNA synthesis. As CT could induce DNA 
^thesis only at concentrations of 10 and 100 nM, it is likely 
9V activation of both phospholipase-C- and adenylate cy- 
-mediated signaling mechanisms may be necessary for 
Hnduced DNA synthesis. A complete chain of events 
ated with this process has not been elucidated, but 
ndocrine peptides have been shown to stimulate 




growth and DNA synthesis through prolonged stimulation 
of receptors and activation of multiple signaling pathways in 
Swiss 3T3 cells and other target tissues (36, 37). It is likely 
that CT may follow a similar pathway in LnCaP cells. Ad- 
ditional approaches will be necessary to further examine this 
phenomenon. 

It is becoming increasingly recognized that small regula- 
tory peptides of neuroendocrine origin may serve as mitogens 
in various peripheral tissues. Specifically, bombesin, brady- 
kinin, calcitonin gene-related peptide, and calcitonin have 
been shown to act as growth factors and stimulate cell 
proliferation in several cell types (3, 4). Ectopic and elevated 
expression of these peptides in several malignant organs 
raises the possibility that they may serve as paracrine/auto- 
crine growth regulators during rapid growth and tumorigen- 
esis in these organs (3-7). Recent findings from this labora- 
tory have shown that a immunoreactive CT-like substance(s) 
is secreted by prostate cells in significant amounts (1, 2). 
When these results are considered with the present findings 
that high affinity binding sites for CT are present in the 
prostate gland and that CT induces an increase in cAMP 
accumulation, cytoplasmic Ca 2+ concentrations, and [ 3 H]thy- 
midine incorporation in prostate cancer cells, it seems likely 
that a prostate-derived CT-like peptide(s) may be involved 
in a variety of physiological and pathophysiological events, 
such as growth, differentiation, and tumorigenesis. Further 
understanding of the secretion and role of CT in the prostate 
microenvironment will lead to an increase in our understand- 
ing of the factors that regulate the progression of prostate 
neoplasms. 
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